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Abstract The effects of chemical substitution on the ground and excited state intramolecular proton trans-
fer (ESIPT) of 2-(2'-aminophenyl)benzimidazole (APBI) have been theoretically studied when a hydrogen
atom of the amino group was replaced by CH; (E-C), SiH; (E-OSi), NH, (E-N), COH (E-CO), NO,
(E-NO,), CF; (E-F), CN (E-CN3;), OMe (E-OMe), COCH; (E-CC), Ts (E-S), p-CH;C¢H4,CO (E-C=0) and
p-CH;C¢H4NHCO (E-NH). The results show that in ground state the most stable configuration is the enolic
form E; sub-stable configuration is the rotational isomer R. The keto form K only exists in the ground state
when substituents is E-CNj;, E-F, E-NO,, E-N or E-OMe. The results of nucleus independent chemical shifts
(NICS) show that substituents affect electron delocalization of the APBI ring. Excited state proton transfer
potential energy surface studies have shown that intramolecular proton transfer of all the derivatives could
occur in excited state. The ESIPT of the APBI is barrierless process in S; state when introducing the sub-
stituents E-CNj3, E-N, or E-OMe. There is almost no effect on ESIPT when introducing the substituents E-C,
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E-C=0 or E-OSi. The K" configuration become more stable than E" in S; state when substitutent is E-CC,

E-NH, E-CO, E-F, E-NO,, or E-S.

Keywords 2-(2'-aminophenyl)benzimidazole derivatives; ESIPT; substituent effect; electron delocaliza-

tion
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Figure 1 The structure of rotamer R, enol E and keto K for APBI derivatives and labels of substitutents
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Figure 2 Ground state intramolecular proton transfer curves of APBI derivatives:
(a) The type of only potential well; (b) the type of two potential well
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Table 1 Optimized structural parameters of tautomers and transition state for APBI derivatives [bond lengths in A, angles in (°)]

A E-C  E-C=0 E-CC E-NH  E-CO E-H E-OSi

Di)-crcance —62  —117  —206 —80  —89 11.0 0.0

ANGIHENG) 1369 1407 1348 1428 1400 1326 140.2

Ry syt 1019 1.023 1.024 1025 1026 1019 1.026

Riyng) 1887  1.854 1934 1810 1.844 1947 1.856

Reornes) 1363 1398 0.140 1392 1400 1370 1.382

Reayco 1460 1466 1466 1466 1467 1461 1.463

5 E-CN, E-F E-N

E TSex K E TSex K E TSpx K

De)0e)Mc0-06) 0.0 0.0 0.0 —7.4 0.0 0.0 9.5 0.7 —0.2

ANGIHENG) 1377 1446 1334 1377 1423 136.1 1353 1419 1346

Ry sy 1034 1387 1747 1027 1487 1659 1021 1492 1729

Risyng) 1.804  1.183 1.047 1833 1.135 1.065 1903 1127 1.056

Reernes) 1399 1371 1.354 1391 1355 1.346 1374 1334 1323
1.407

Rey-cn 1.463 1.438 1.426 1.465 1.434 1.427 1.461 1.417
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E-NO, E-OMe E-S
E TSEx K E TSk K E TSkx K
Dng)-cr-C)-C6) —14.6 0.0 0.0 14.3 —23 0.0 12.9 0.0 0.0
ANGYHANG) 136.9 141.7 133.6 130.1 142.4 130.5 139.0 143.0 133.6
Rus) ) 1.030 1.442 1.668 1.023 1.385 1.812 1.031 1.424 1.056
Ry NG 1.838 1.146 1.061 1.966 1.188 1.034 1.859 1.157 1.695
Re)nes) 1.405 1.373 1.363 1.392 1.338 1.322 1.408 1.368 1.356
Rew)co 1.467 1.445 1.438 1.463 1.423 1.406 1.466 1.440 1.432
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Table 2 Ground state energy parameters for tautomers and transition state of APBI derivatives

A ZPE/ AE o/ AE' o AG/ ZPE/ AE o/ AE ool AG/
Hartree  (kJemol ')  (kJemol ')  (kJemol ') Hartree (kJemol ')  (kJemol ')  (kJemol ')
E-C E 0.24471 0 0 0 E-CN; E  0.21489 0 0 0
R 0.24557 222 21.74 25.28 TSpx 0.21054  29.04 34.98 32.47
E-C=0 E 0.33599 0 0 0 K 0.21446 33.44 32.05 35.95
R 033556  29.65 27.97 27.77 R 021477 36.16 36.23 36.06
E-CC E 0.25509 0 0 0 E-F E 022131 0 0 0
R 0.2543 7.56 6.89 4.54 TSpx 0.21672 43.58 4521 47
E-NH E 03525 0 0 0 K 021959 50.16 45.12 52.57
R 03521 35.06 34.8 37.48 R 02218 26.23 26.12 27.14
E-CO E 022712 0 0 0 E-N E 023364 0 0 0
R 0.22684 31.6 31.31 31.77 TSpx 0.22859 65.74 74.96 68.16
E-H E 021636 0 0 0 K 023175 71.9 75.02 73.72
R 0217 15.56 15.87 16.29 R 023414 2191 21.39 23.47
E-0Si E 023165 0 0 0 E-NO, E 021943 0 0 0
R 0.23167 26.7 26.21 29.18 TSpx 0.21485 35.44 38.31 37.81
K 021787 41.86 38.01 42.87
R 021957 26.27 27.5 26.97
E-OMe E  0.24875 0 0 0
TSpx 0.24314 53.64 62.13 55.64
K 024726 53.07 52.51 53.02
R 0.24911 12.48 12.21 12.18
E-S E 033561 0 0 0
TSgx 0.33059 36.44 44.41 36.62
K 0.33398 42.77 44.11 41.61
R 033524 2428 24.59 24.59
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#3  APBI A& A ARFR rhL ) NICS(0)
Table 3 Calculated NICS(0) at center of rings for tautomers of APBI derivatives
Rings A Bquasi C D A Bquasi D
E-CN; E K
NICS(0) —17.44 0.55 —9.93 —9.66 —4.20 —0.45 —9.83 —10.07
E-F E K
NICS(0) —17.39 0.86 —9.95 —9.63 —4.39 —0.18 —10.01 —10.01
E-NO, E K
NICS(0) —17.65 0.74 —10.08 —9.72 —5.49 —0.13 —10.15 —10.12
E-N E K
NICS(0) —6.55 0.71 —9.68 —9.66 —1.67 —1.33 —8.86 —9.68
E-S E K
NICS(0) —7.60 0.90 —10.22 —9.81 —5.09 —0.22 —10.09 —10.12
E-OMe K
NICS(0) —6.87 0.67 —9.91 —9.67 —1.56 —2.23 —8.73 —9.72
E-C=0 E E-CC E
NICS(0) —7.32 1.76 —9.70 —9.67 —7.30 1.46 —9.95 —9.66
E-C E E-NH E
NICS(0) —6.49 1.03 —9.78 —9.72 —7.32 0.84 —9.69 —9.71
E-CO E E-H E
NICS(0) —7.74 1.47 —9.78 —9.69 —6.50 1.29 —9.73 —9.63
E-OSi E X Bquasi
NICS(0) —6.73 1.24 —9.90 —9.67 N*%
N
H
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Figure 3 The diagram potential energy of ESIPT for APBI derivatives
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O GG R D RE 73 7B ALH 1 T e,

3 #
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[ BB S, BURIHEST APBI AT LL A R0
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